In many patients with non-small cell lung cancer (NSCLC), pneumonectomy is still the only choice of surgical treatment. Pneumonectomy is associated with the increased risk of postoperative complications and higher mortality. Late results are affected by progressive deterioration of the quality of life. In some patients, especially with central location of the tumor the sleeve lobectomy can be an alternative to pneumonectomy. However, there are some doubts about the higher risk of local recurrence. The aim of the study was to assess the early and late results of sleeve lobectomy in patients with NSCLC treated surgically.
Despite the progress in oncological therapies which was achieved in the recent years, surgery remains the most effective method of treatment for lung cancer. The extent of the resection correlates with the frequency of local recurrence and survival after treatment. In case of pneumonectomy, late results are affected by a progressive deterioration of quality of life and this important factor should be carefully considered before the operation. Pneumonectomy, which for years was the only method of surgical treatment in patients with central tumor location, carries the risk of a significantly higher postoperative mortality and morbidity. Furthermore, long-term follow-up after pneumonectomy shows the development of pulmonary hypertension and respiratory insufficiency, factors which adversely affect the quality and duration of life after the operation. Since the eighties of the past century lung parenchymal-sparing operations have been introduced, such as sleeve lobectomy with or without pulmonary artery reconstruction. Many thoracic surgery centers consider the above-mentioned procedures as standard treatment, if technically feasible, regardless whether the patient is qualified for pneumonectomy. For years discussion is under way considering the influence of sleeve lobectomy on local cancer recurrence, as compared to pneumonectomy.
The aim of the study was to evaluate the early and late results of surgical treatment in patients with NSCLC who underwent a sleeve lobectomy in a single thoracic surgery center .
Patients and methods
Between 2001 and 2009, 107 sleeve lobectomies (lobectomy and bilobectomy) were carried out at the Department of Thoracic Surgery, University of Medical Sciences in Poznan, Poland in patients diagnosed with NSCLC. The study group consisted of 89 male and 18 female patients aged between 35 and 78 years (mean age: 65 years). Preoperative diagnostics or intraoperative histological evaluation revealed the presence of NSCLC in each case.
Preoperatively the following examinations were performed on a routine basis: standard blood tests, EKG, spirometry, chest x-ray and computer tomography, abdominal ultrasound and flexible bronchoscopy. Additionally, in selected cases the following examinations were done: echocardiography, positron emission tomography (PET-CT), transthoracic tumor biopsy, abdominal or head computer tomography and bone scan. In patients with enlarged mediastinal lymph nodes mediastinoscopy was performed, prior to the potential resection of the pulmonary tumor. Patients without mediastinal lymph node metastases were qualified for surgical treatment, patients with a positive N2 feature for neoadjuvant chemotherapy, while those with N3 lymph node metastases were excluded from surgery.
The surgical procedure was performed under general anesthesia with bronchial intubation by means of the antero-lateral or postero-lateral thoracotomy approach. After preparation, ligation, and dissection of appropriate branches of pulmonary vein and artery supplying the pulmonary lobe, the patient was assessed whether a sleeve lobectomy may be performed. A frozen section of the proximal and distal bronchial stump was performed, in order to exclude neoplastic infiltration of the surgical incision line. Bronchial end-to-end anastomosis was performed using interrupted or continuous monofilament PDS or Maxon 4-0 sutures. In case of a significant disproportion between the diameters of the lumen of the anastomosed bronchi, continuous sutures were used to tightly close the lumen of the main bronchus. After exclusion of an air leakage from the anastomosis line, it was subsequently covered by a pedunculated, intercostal muscular, parietal pleura or pericardial patch, in order to reduce the risk of broncho-pleural or broncho-arterial fistula development. Each patient underwent a complete mediastinal lymphadenectomy. The surgical procedure was terminated after the introduction of two drains into the pleural cavity (28-32 F in diameter), which were usually removed on the third day after the operation, provided a complete lung expansion on the chest x-ray, absence of air leakage, and daily drainage less than 150 ml. After surgery we performed fiberoptic bronchoscopy in each patient to aspirate bloody content and secretion from the bronchial tree, as well as to evaluate the anastomotic site. In the absence of other indications (lung atelectasis on chest x-ray, leakage or stenosis of the bronchial anastomosis) re-bronchoscopy was performed on the seventh postoperative day, prior to patient discharge from the hospital and three months after surgery. Each patient was referred to a medical oncologist, and depending on the stage of the tumor (UICC TNM classification from 1987 revised in 1997 and 2009), general patient condition and comorbidities, qualified for adjuvant therapy (chemo-or radiotherapy). The patients with IIB stage or more advanced disease were candidates for systemic therapy. Follow up of patients were provided by outpatient oncology and thoracic surgery clinics, and consisted of the following: history and physical examination, chest x-ray, abdominal ultrasound, and in case abnormal examination results, additional diagnostic regimen such as computer tomography or MRI of the head, bone scintigraphy, or PET-CT was initiated.
The follow-up of patients after surgery was based on questionnaires sent to them, documentation from the oncology and surgery outpatient clinics, as well as information obtained from family doctors.
Statistical analysis was performed on the basis of the Statistica 6.0 (Statsoft Inc., USA) program. The Gehan, t-Student and Chi 2 tests with Yates correction were used. The survival function was estimated by means of the Kaplan-Meier's method.
Results
Among 107 operated patients in 71 right upper sleeve lobectomy, in 29 left upper sleeve lobectomy, in 5 left lower sleeve lobectomy, in 1 upper bilobectomy and in 1 lower bilobectomy were carried out. Twelve patients were subjected to upper left sleeve lobectomy with pulmonary artery reconstruction or segmental resection with end-to-end anastomosis. SCC predominated among the NSCLC subtypes (72%). Forty-one (38.3%) patients who underwent surgery were staged as IB, 40 (37.4%) as IIB, and 22 (20.6%) as IIIA. Mediastinoscopy before planned resection was performed in 18 patients-in 4 patients N2 disease was found. Fourteen patients were diagnosed with feature T3 (8 patients underwent visceral pleura resection, three-resection of 1-2 ribs, while in 3 patients feature T3 resulted from the infiltration of the main bronchus less than 2 cm from the tracheal bifurcation). Tab.1 shows the clinical data concerning the histopathological type of cancer, stage of disease, and carcinoma cell differentiation. Four patients underwent preoperative chemotherapy with good response to treatment. In 102 (95.3%) patients the proximal and distal bronchial incisional line was free from tumor infiltration (R0). Five (4.7%) patients were diagnosed with infiltration of the incision line (feature R1). 31 (29%) patients were subjected to postoperative chemotherapy, 12 (11.2%) to postoperative radiotherapy, and 10 (9.3%) to postoperative chemoradiotherapy. Hospital mortality was 1.8% (2 patients). One patient died due to massive hemorrhage from the pulmonary artery as the result of broncho-pleural fistula, while the second patient died because of pneumonia and sepsis. Minor postoperative complications developed in 33 patients (30.8%). The most common were as follows: supraventricular arrhythmias (12 patients-11.2%), atelectasis of the operated lung (11 patients-10.3%), and prolonged air leakage (8 patients-7.5%). In 6 (5.6%) patients broncho-pleural fistula was developed: two of them were treated by means of pleural drainage and the use of antibiotics and another three underwent rethoracotomy. One patient required completion pneumonectomy and in two patients fistula closure and pleural cavity drainage were carried out with good results. Significant stenosis at the site of the bronchial anastomosis was observed in 3 (2.7%) patients. These patients were treated with the use of bronchoscopic dilatation and/or stenting. Tab.2 shows the rate of selected postoperative complications.
Five years after surgery, 60 (56.1%) patients survived, 38 (35.5%) were confirmed as deceased, and nine (8.4%) were lost to follow-up. In 68.4% of cases distant metastases were the cause of death, in 26.3%-local recurrence, and in 5.3% death was not related to lung cancer. In the study group the local recurrence was diagnosed in 10 (9.3%) patients. However, none of them survived five years. In statistical analysis two factors significantly influenced survival: feature T (p=0.00072; Fig.1 ) and postoperative chemotherapy (p=0.036). Postoperative chemotherapy had an adverse effect on long-term survival (Fig.2) . When analyzing the influence of node status on survival, patients were divided into two groups: patients with N0 or N1 features, and those with N2 lymph node metastases. The five-year survival probability was significantly lower in patients with N2 stage (p=0.02). Determining the Kaplan-Meier curves for each group separately (N0, N1, N2) we observed differences in survival, however, statistically non significant (p=0.06; Fig. 3 
Discussion
In 1947, Clement Price Thomas was the first to perform sleeve lobectomy in a patient with right bronchial adenoma. In case of lung cancer, Allison was the first to use the technique in 1952, in addition to pulmonary artery reconstruction. In 1970, Paulson et al. and in 1972, Jensik et al. presented their study results considering a group of 50 patients subjected to surgical intervention, due to lung cancer. In 1971, Pichlmeier and Spelsberg described the technique of double sleeve lobectomy. In Poland, Olechnowicz et al. were the first to perform sleeve lobectomy with pulmonary artery reconstruction (1). Sleeve lobectomy was described as an alternative to pneumonectomy in patients with limited respiratory reserve, in whom pneumonectomy would be associated with increased risk of respiratory failure. This mainly applies to patients with cancer located in the origin of the bronchus and coexisting COPD. Originally, many concerns about this type of therapy were formulated. They mainly concerned the high risk of local recurrence at the site of the bronchial anastomosis and complications associated with the bronchial anastomosis (fistula, or anastomotic stenosis). As time passed and with the experience gained by the thoracic surgeons in performing sleeve lobectomy, these procedures were used more frequently in patients without contraindications to pneumonectomy. Currently, sleeve lobectomies are typically performed in patients with lung cancer in most thoracic surgery centers, provided that there are technical possibilities to cut and anastomose the bronchial stumps within healthy tissue margins.
Perioperative mortality in case of sleeve lobectomy is similar to that observed in case of standard lobectomies, ranging between 1.2 % and 5.3 % (2-7) . It is significantly lower than the mortality rate observed in case of patients after pneumonectomy, which can be as high as 11.2% (5,7-11), especially in patients in whom right-sided pneumonectomy was preceded by induction chemotherapy (12). Bagan et al. compared the perioperative mortality between upper right-sided lobectomy (756 patients), upper right-sided sleeve lobectomy (66 patients), and right-sided pneumonectomy (151 patients). The mortality rate was 2.9%, 4.5% and 12.6%, respectively (10). Our inhospital mortality was 1.8%, which is similar to the data in the literature. Of the two deceased, one died due to massive bleeding from the pulmonary artery during the course of broncho-pleural fistula accompanied by pleural empyema. The second patient died because of massive pneumonia and sepsis. The presence of a broncho-arterial fistula after sleeve lobectomy is a rare, but usually a fatal complication. The fistula rate ranged between 1.8%-2.6%, with the mortality as high as 70% (13) (14) (15) . The primary method to prevent the occurrence of this complication is to avoid the destruction of the bronchial arteries and cover the bronchial anastomotic line by means of a pedunculated muscular flap or other tissue (visceral pleura, pericardium), in order to reduce the risk of anastomotic leakage and separate it from the pulmonary artery wall. In the presented case the bronchus was covered by a visceral pleural flap. Based on our experience and reports of other authors, one can conclude that the best material used to cover the bronchial anastomosis is the pedunculated intercostal muscle.
One of the most serious complications after anatomical lung resections is the development of broncho-pleural fistula. A particularly high percentage of fistulas is observed in patients after pneumonectomy, according to different authors ranging between 3.6 % and 16% (5, 8, 10) . This is one of the leading causes of mortality following pneumonectomy (16) . The occurrence of fistulas at the site of the anastomosis after sleeve lobectomies is slightly higher, as compared to classical lobectomies (1.2-7.5%). However, considerably lower than in case of pneumonectomy (3, 13, 17) . One of the main causes of fistula development is the devitalization of the bronchus associated with extensive lymphadenectomy. Other reasons include the following: bronchial stump inflammatory lesions, diabetes mellitus, postoperative chemo-and radiotherapy, chronic steroid therapy, cachexy, low protein and albumin levels, and technical errors during bronchial stump anastomosis. In our study group bronchial fistulas were observed in six (5.6%) patients. It seems that the relatively small percentage of fistulas was associated with the operative technique, sparing the small vessels supplying the bronchi, and coverage of the suture line by a pedunculated intercostal muscle flap.
Stenosis of the bronchial anastomosis is considered as a late complication following sleeve lobectomy. The occurrence rate of the stenosis ranges between 1.7% and 20%, according to the literature (13, 14, 18) . The complication was probably due to technical errors, which occurred during the anastomosis of bronchial stumps, high tension on the suture line, and bronchial microfistulas. Stenosis may be either a hard, fibrous scar tissue or inflammatory granulation tissue. The treatment of anastomotic stenosis consists of expanding the constricted area by means of a rigid bronchoscope with laser removal of the granulation tissue, or temporary stent implantation in place of the anastomosis. If there is no improvement after conservative treatment in patients with severe stenosis, pneumonectomy should be considered. In our study group, a clinically significant stenosis was observed in three patients. In all cases conservative therapy was sufficient (bronchoscopic dilatation and laser therapy or in one patient-temporary tracheal-bronchial Y stent implantation).
Five-year survival in patients with NSCLC who underwent surgical treatment depends mainly on the involvement of local lymph nodes. The presence of N2 lymph node metastases worsened prognosis. The five-year survival in such patients ranged between 10-15% (11, 12, 14, 19, 20) . Most patients died within two years after the operation, due to neoplastic disease recurrence. In 80% of these cases death is related to distant metastases and only in 20% to local recurrence of the disease.
Comparison of the five-year survival, considering patients after pneumonectomy and sleeve lobectomy demonstrated better results in the latter group (4, 10, 17, 19) . Currently most authors agree that patients after sleeve lobectomies are at similar risk of local recurrence as patients subjected to classic lobectomies or pneumonectomies (2) (3) (4) 12, 15, 20) . The five-year survival rate in the investigated group was 56.1%, and the only factor significantly influencing survival was the T feature. A local recurrence was observed in 9.3% of patients (10 patients including 3 with feature R1). In most cases mortality was related to cancer relapse , predominantly due to distant metastases (68.4%,). In our opinion, the greatest advantage of sleeve lobectomy is the fact that, with relatively low mortality and morbidity rates, the quality of life and respiratory function is much better than after pneumonectomy (21) (22) (23) (24) .
Conclusions
Sleeve lobectomy is a good alternative to pneumonectomy in selected patients with NSCLC. Although a sleeve resection is considered as technically difficult, it is characterized by lower risk of death during the perioperative period, lower percentage of significant postoperative complications (especially bronchial fistulas) and better quality of life after the operation. Late results are also in favor of sleeve lobectomy. The local recurrence rate is similar to that one after standard lobectomy, and the five-year survival rate is better as compared to pneumonectomy.
